Introduction
Turkey is a natural museum, with a harmonious geography containing a wide variety of topographical structures. Glacial lakes, which exist in places close to summits of high mountain chains in this harmonious geographical structure, are important areas drawing the attention of scientists who are currently studying the bioecological diversity of the fauna and flora of these areas.
High mountain lakes and alpine lakes, which are difficult to access with little human activity in their catchment areas, are considered the least disturbed freshwater ecosystems in Europe (Galas, 2004) .
Although situated far from local sources of pollution, these lakes are threatened by the deposition of atmospheric pollutants (acidity and air pollutants) and by climate change. The high mountain lakes are sensitive to these threats because of the poor buffering capacities of soil and rocks in the watershed for neutralizing acidic deposition (Mosello, 1986) .
Although alpine lakes and mountain lakes have some similarities, there are differences between them. For instance, alpine lakes are located above the treeline at the top of the mountains. Mountain lakes are those located below the treeline (Sturm, 2007) .
Five properties (uniform, remote, simple, extreme, and sensitive) make high mountain lakes ideal indicators of global climate changes. 1) Uniform: Depending on the elevation, we find alpine lakes at all latitudes; they are comparable worldwide and have many common characteristics. 2) Remote: Because of their distance from human settlements and activities, alpine lakes are only affected by global impacts, such as air pollution or climate change. 3) Simple: High mountain lakes are usually small, not very deep, species-poor, and characterized by a simple food web. 4) Extreme: Physicochemical conditions, such as temperature, UV radiation, ice cover, and nutrient status are usually more extreme than in lakes at lower elevations. 5) Sensitive: Because of extreme conditions and their immediate response to change, high mountain lakes are very much at risk from global impacts (Psenner, 2003) .
Early studies on alpine lakes took far from an ecological and geographical approach and focused on taxonomy (Marchetto, 1998) . Recent studies have focused particularly on the bioecology, acidification, and eutrophication processes of these lakes; the effects of global-scale climatic and meteorological changes; and the effects of a high level of UV light on the biota (Halac et al., 1997; Brancelj et al., 2000; Tolotti et al., 2006) .
Only a few studies of high mountain lakes are available for Turkey. Among these, a pioneering study by Ustaoğlu et al. (2005) investigated the zooplankton fauna of some mountain lakes in the Taurus range; a second study by Ustaoğlu et al. (2008) investigated the limnology and fauna of glacial lakes and streams on Mount Uludağ in western Anatolia. Aygen et al. (2009) investigated zooplankton composition and abundance in Lake Eğrigöl in the Taurus Mountains.
More recently, Aygen et al. (2012) presented the results of their study on the biodiversity of Crustacea (Branchiopoda, Maxillopoda, and Ostracoda), and Yıldız et al. (2010 Yıldız et al. ( , 2012 presented their results on littoral oligochaete (Lumbriculidae and Enchytraeidae) communities and distribution of aquatic oligochaetes in the high mountain lakes of the Eastern Black Sea Range of Turkey.
Rotifera is a group of primary freshwater invertebrates. Rotifers play a pivotal role in many freshwater ecosystems. They are ubiquitous, occurring in almost all types of freshwater habitats (Segers, 2008) . Rotifer species richness shows a monotonic decrease with altitude, related to the interplay of habitat diversity, productivity, heat content, and human influence (Obertegger et al., 2010) .
This study was conducted in order to obtain insight into the composition of the rotifer fauna of high mountain lakes in the Eastern Black Sea Range of Turkey.
Materials and methods

Study area
The Eastern Black Sea Mountains are a range rising along the Black Sea coast in northern Turkey. The highest peak is Kaçkar Mountain (3937 m), and the plateaus at about 3000 m a.s.l. are the highest part of the range. The mountains are glaciated and alpine in character, with steep rocky peaks and numerous lakes (Yıldız et al., 2012) . Locality information for the 59 lakes in the 6 drainage basins of the studied project and the characteristics of the sampling sites on those lakes are presented in Figure 1 and Table 1 .
When the altitudes of the lakes are taken into account, all the lakes are situated between 2530 and 3370 m except Uzungöl (1100 m). The lakes are small in size (areas of 0.03-8.9 ha) and mostly shallow (maximum depths of 0.5-49 m) (Sarı et al., 2015) (Table 1) 
Zooplankton collections and identification
In order to the study the rotifer fauna of 59 mountain lakes in the Eastern Black Sea range, 6 excursions were taken in [2005] [2006] [2007] . Due to the high altitude, most of the sites studied are generally covered by snow and ice for 8-9 months of the year and ice-free periods occur only in the warm months of June-August. Zooplankton samples were collected by horizontal and vertical hauls using a standard plankton net (mesh size of 55 µm) and were fixed in 4% formaldehyde. In addition, samples were taken from the littoral zone using a plankton hand net (mesh size of 55 µm).
For the taxonomical identification of the specimens, the keys of Ruttner-Kolisko (1974), Koste (1978) , Collin (1961) , Segers (1995) , Nogrady et al. (1995) , and Nogrady and Segers (2002) were used.
A clustering analysis of the unweighted pair-group method with arithmetic mean (UPGMA) was conducted using the MultiVariate Statistical Package (MVSP), version 3.1 (Kovach, 1998) , in order to identify different taxonomic assemblages among the species at each sampling site.
Results
Environmental variables
Minimum and maximum values of the environmental variables of the studied lakes are shown in Table 2 . In terms of water quality, all the lakes can be classified as first class in terms of their ammonium, nitrite, and nitrate nitrogen levels as well as the total phosphorus level. Similarly, the quality classes of the lakes ranged between I and III according to levels of dissolved oxygen. When the total nitrogen (TN) and total phosphorus (TP) are taken into consideration, all of the lakes show an oligotrophic character. The chlorophyll a concentrations of the lakes were generally low; this character also supports the abovementioned results (Aygen et al., 2012) .
The trophic classification of the lakes was obtained from the OECD model (Wollenweider and Kerekes, 1982) based on orthophosphate, Secchi depth, and chlorophyll a concentration (Tolotti et al., 2006) . The Figure 2) ; by Secchi depth, 20 lakes are ultraoligotrophic, 12 lakes are oligotrophic, and 27 lakes are mesotrophic (Table 3 ; Figure 3 ).
Taxonomic structure
A total of 63 rotifer taxa (Philodinidae 1 taxa, Brachionidae 10 taxa, Euchlanidae 5 taxa, Mytilinidae 3 taxa, Trichotriidae 1 taxa, Lepadellidae 7 taxa, Lecanidae 11 taxa, Notommatidae 1 taxa, Trichocercidae 8 taxa, Synchaetidae 4 taxa, Asplanchnidae 2 taxa, Testudinellidae 2 taxa, Conochilidae 2 taxa, Hexarthridae 3 taxa, Filiniidae 2 taxa, Collothecidae 1 taxa) were identified. All of the taxa identified are new records for their localities except Notholca squamula and Cephalodella gibba, which were reported by Beladjal and Mertens (1997) . Classifications of these taxa are as follows (Segers, 2007; Ustaoğlu et al., 2012; Ustaoğlu, 2015 (Table 4) .
The highest number of taxa was found in the lakes in Fırtına Stream (39 taxa) and the lowest number of taxa in Lake Arhavi Karagöl (Kabisra Stream) (7 taxa) (Figure 4) .
Based on the saprobic system (Sladecek, 1973) , the rotifer taxa were evaluated as follows: 54% oligosaprobic (o), 26% oligosaprobic/beta-mesosaprobic (o-β), 16% beta-mesosaprobic (β), and 4% beta-mesosaprobic/ oligosaprobic (β-o). We propose that 80% of the rotifer taxa were indicators of oligotrophic conditions and the remaining 20% were indicators of mesotrophic conditions ( Figure 5 ).
When the dendrogram, which gives the similarities of the examined localities, was created, the stations named İ7 and F21 had obvious differences that caught our attention when they were compared with other stations. Moreover, a station named K1 closely shared features with those two stations. Concerning the variety of species, the most similar localities are the stations coded İ11 and İ3. Similar to those, the stations coded İ8 and F6 also have various similarities concerning the variety of species. In other localities, the rates of similarity are about 70% or lower ( Figure 6 ).
When altitudes of the lakes that we studied and rotifer species diversity were compared, a decrease was not observed in species diversity as altitude increased (R 2 = 0.067) (20 species in Lake Uzungöl with an elevation of 1100 m and 4 species in Lake Deniz with an altitude of 3370 m) (Figure 7) . , 4, 6, 11 1, 4, 16, 20, 23 1, 8 18.64 Lepadella ovalis 9, 20 3.39 Lepadella patella 3, 4, 8, 12 4, 5, 8, 14, 16, [19] [20] [21] 23 1, 3, [5] [6] [7] 9 
Discussion
This study represents a pioneering contribution to the research of rotifer communities in the glacial lakes of Turkey. All the taxa identified are new records for their localities, except for Notholca squamula and Cephalodella gibba, which were reported by Beladjal and Mertens (1997) . Dissotrocha macrostyla, Hexarthra jenkinae, Lecane clara, Lecane kluchor, and Lecane latissima are new records for the Turkish inland water fauna Ustaoğlu, 2015) .
In regard to the studies of high mountain lakes in Turkey, 69 taxa of rotifers were reported among the zooplankton of 16 mountain lakes in the Taurus mountain range, the elevation of which ranges from 1500 to 2660 m (Ustaoğlu et al., 2005) . Among them, the taxa Brachionus quadridentatus, Keratella cochlearis, K. tecta, K. quadrata, Notholca squamula, Euchlanis dilatata, E. incisa, Mytilina ventralis, M. ventralis brevispina, Trichotria tetractis, Colurella uncinata, Lepadella patella, L. patella Thirty taxa of rotifers were reported in the zooplankton of Lake Eğrigöl at 2000 m in the Middle Taurus Range (Aygen et al., 2009 When the studies on alpine and subalpine lakes at different locations around the world are reviewed, it is observed that Keratella quadrata, Polyarthra dolichoptera, and Brachionus angularis were mentioned in a study of the alpine lakes of Portugal (Boavida and Gliwicz, 1996) ; Hexarthra bulgarica, Keratella quadrata, Filinia maior, Polyarthra sp., and Ascomorpha sp. were mentioned in a study of high mountain lakes in Khumbu Valley in the Nepalese Himalayas (Manca et al., 1998) ; and the taxa Keratella hiemalis, Kellicottia longispina, Polyarthra sp., and Synchaeta sp. were mentioned by McNaught et al. (1999) . The taxa Kellicottia sp., Conochilus unicornis, Keratella spp., K. quadrata, and Polyarthra spp. were found by Knapp et al. (2001) .
Of 31 taxa of rotifers reported from eastern Siberia (Bondarenko et al., 2002) , Cephalodella gibba, Polyarthra dolichoptera, Asplanchna priodonta, Lecane luna, L. lunaris, Trichotria tetractis, Mytilina mucronata, M. ventralis, Euchlanis dilatata, E. lyra, Keratella quadrata, Notholca acuminata, N. squamula, Conochilus unicornis, Filinia terminalis, Synchaeta sp., and Lepadella sp. were common findings in our study.
The taxa Keratella sp., Synchaeta sp., Polyarthra sp., and Notholca sp. were reported in a study of benthic and pelagic food resources for zooplankton in shallow highlatitude lakes and ponds (Rautio and Vincent, 2006) .
In a study of 70 lakes in the Italian and central Austrian Alps, a total of 51 taxa of rotifers were found, with the taxa Ascomorpha ecaudis, Asplanchna priodonta, Euchlanis dilatata-parva, Filinia terminalis, Kellicottia longispina, Keratella hiemalis, Keratella tropica, Lecane mira, Lecane ungulate, Notholca squamula, and Polyarthra dolichoptera being the dominant taxa (Tolotti et al., 2006) .
Euchlanis dilatata was the most abundant species (81%) among the rotifer species detected in 37 lakes in the Sierra Nevada mountain range, whereas Notholca squamula was the most common (78%) species in the lakes that we studied. Typically known as a species of mountain lakes, Hexarthra bulgarica had the widest distribution (40%) in the Sierra Nevada mountain range, but it did not show a wide distribution in our lakes (2%) (Morales-Baquero, 1987) . In a study of 6 different types of substrate in the Alpine lakes of Austria (Jersabek, 1995) , a total of 149 rotifer species were found; among these species, Cephalodella gibba, Collotheca sp., Colurella uncinata bicuspidata, Euchlanis deflexa, E. dilatata, Keratella cochlearis, K. quadrata, K. valga, Notholca squamula, Lecane flexilis, L. luna, L. stichaea, L. kluchor, L. furcata, L. hamata, L. lunaris, Lepadella acuminata, L. ovalis, L. quadricarinata, L. triptera, Synchaeta pectinata, Trichocerca rattus, and Trichotria tetractis were also found in the lakes that we studied.
In a study on the distribution in inland waters in Turkey of the taxa of rotifers found in the lakes studied , it was observed that 74.55% of the taxa were cosmopolitan, 10.91% were widespread, and 14.54% were less commonly encountered taxa.
This study represents a pioneering contribution to the research of rotifer communities in the glacial lakes of Turkey. The present survey will be useful as a baseline for future studies and contributions to the knowledge of Turkey's biodiversity.
